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ABSTRACT 



A semic onductor devic e of the present invention has (1) an 
active element provided on a s emiconductor substrate , (2) an 
interlayer insulatin g film formed so as to coyer fhe actiye 
element, (3) a pad metal for an electrode pad which is 
provided on the interlayer insulating film, (4) a barrier metal 
layerwhich is provided on the active element withj he 
interlayer insulating Dim therebetween, so that the pad metal 
is formed on tne barrier metaL laver. and (5) an insulating 
layer having higrTadherence to the barrier metal layer, the 
insulating layer being provided between the interlayer insu- 
lating film and the hAi-rfcr mrtal layrr With this 

arrangement, the adherence between the barrier metal layer, 
the insulating film and the interlayer insulating film is surely 
improved, and even in the case where an external force is 
applied to the electrode pad upon bonding or after bonding , 
the barrier metal layer hardly comes off the part thereunder. 
Therefore, the breakdown of a level difference compensat- 
ing film, and the exfoliation of the barrier metal layer from 
the interlayer insulating film can be prevented, while the 
semiconductor device of the area pad structure featuring 
lower costs, high quality, and high liabitity is constantly 
mass-produced. Besides, the yield of the semiconductor 
device is surely improved. 

12 Claims, 26 Drawing Sheets 
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SEMICONDUCTOR DEVICE HAVING electric circuit as shown in FIG. 20, i.e., by "the area pad 

ACTIVE ELEMENT CONNECTED TO AN technique", is recently mass-produced. By this technique 

ELECTRODE METAL PAD VIA A BARRIER whereby the electrode pad 70 is formed on the active 

METAL LAYER AND INTERLAYER element 50, a portion below the pad which has not been 

INSULATING FILM 5 utilized is now effectively utilized, thereby allowing reduc- 
tion of the size of the chip. Besides, the electrode pad 70 is 

FIELD OF THE INVENTION provided in any area of the chip, whereby the freedom 

. . . . 4 . # degree relating to the design of the semiconductor chip is 

IT* present invention relates to a semiconductor mte- ^ ^ des ^ ^ ^ , ain ^ wafer 

grated circuit device (hereinafter simply referred to as manufacturing process of me semiconductor chip of this 

semiconductor device) for use in, for example, a liquid 10 whik K{ening to RGS 20 aaJ 21((j) 21(d) 

crystal driver or the like, and more particularly, relates to an Firet> „ shown ^ nG 21(a)> a oxjdc mm 52 ^ 

electrode pad structure of a semiconductor device. formed on a saicoa ^bstrate 51, and a polysUlcon film 53 

BACKGROUND OF THE INVENTION ^ a c 000 * 110 ^ 6 layer is formed on the silicon oxide film 52, 

so that the polysilicon film 53 constitutes a gate electrode. 

Conventionally, semiconductor chips (semiconductor 15 Then, as shown in FIG. 21(b), diffusion layers 54a and 546 

devices) featuring a double metal structure have been mass- m formed in the silicon substrate 51, and thereafter, a 

produced, and most of the semiconductor chips of this type CVD-silicoo oxide film 55 is formed by the low-pressure 

are arranged so that each includes an elecfrndft p?H 71) in an CVD method. 

area other than a circuit element area'WinTaslhown in Subsequently, as shown in FIG. 21(c), a BPSG film 56 is 

20 formed at a normal pressure on the CVD-silicon oxide film 

More specifically, for example, a silicon oxide film 55, and then, the CVD-silicon oxide film 55 and the PBSG 
(hereinafter referred to as CVD-silicon oxide film) 55^ film 56 are photo-etched, so that contact holes 57a and 576 

formed by the low-pressure chemical vapor deposition are formed. Thereafter, by the sputtering method, barrier 

(CVD) method and a boron phospho-silicat e glass (BPSG ) m etal layers 58a and 586 made of titanuim-tungsten or the 

film 56 are laminated on a silicon substrate 51 in tuis order. 25 like, first metal layers 59a and 596 for metal wiring, which 

On the BPSG film 56, a barrier metal layer 58 and a first are made of aluminum or aluminum alloy such as 

metal layer 59 are provided in this order as wiring materials. aluminum-silicon, aluminum-coppersilicon, or the like. 

The first metal layer 59 is made of aluminum or aluminum Then, dry-etching is conducted with respect to the barrier 

alloy containing silicon or copper siliside. However, in the 3Q metal layers 58a and 586, and the first metal layers 59a and 

case where aluminum or aluminum-alloy wires are solely 596, to obtain wires desirably arranged, 

provided, the liability of the device is impaired by halation Next, as shown in FIG. 21(d), (1) a first interlayer 

occurring in a photo resist process, stress migration due to insulating layer 60a composed of a silicon oxide film, a 

thermal stress, or the like. Therefore, in the case where it is silicon nitride film, or the like, (2) a second interlayer 

formed to a thickness of 1 /an or less, the first metal layer 35 insulating film 606 composed of a film formed by tfry^fi 

59 is deposited on the barrier metal layer 58 made of a method (hereinafter referred ta*s-an_§OG film) or the like, 

refractory metal such as titanium, tungsten, or titanium- and (3) a third interlayer insulatingfilmSOc composed of a 
tungsten, or silicide of such refractory metal, or a refractor^y^fl k o u uaUC fllln, a silicon nitride film, or the like, are 

metal oxinitride. laminated in this order on the PBSG film 56 and the first 

On the first metal layer 59, an interlayer insulatin g film 60 ^ metal layer 59a and 596, so that an interlayer insulating film 

which is generally composed of a first interlayer insulating 60 having a trilaminar structure is formed, 

film 60a, a second interlayer insulating film 606, a third The reason why the second interlayer insulating film 606 

interlayer insulating film 60c. The first interlayer insulating is provided between the first interlayer insulating film 60a 

film 60a and the third interlayer insulating film 60c are films and the third interlayer insulating film 60c, whereby these 

made of a silicon compoun d, such ass ilicon, oxide fi lms or 45 three layers constitutes the interlayer insulating film 60, is 

silicon nitride films, The second interlayer insulating film that gas such as steam from, for example, the SOG film as 

"606 is formed by thc=spia=on=gIa« (SOG) method with the second interlayer insulating film 606, upon heat appli- 

which unevenness caused as a result of depositing the first cation thereto in tie manufacturing process, would be pre- 

w jnp»ft| ) aver 59 are eliminated, so that a flat surface is vented from intruding into the upper and lower layers. In the 

obtained. 50 case where the silicon oxide films or the silicon nitride films 

i$L second mf tal lavf* 64 is provided on the first metal are not provided so as to sandwich the SOG film, the gas 

layer 59 with a ba rrier metal layer 63 therebetween, in a may cause leakage (this phenomenon is hereinafter referred 

through hole formed in the mterlayerjnsiilalin^film 60. In to as leakage defect). 

other words, in the through hole, the interlayer insulating Note that, to block the gas generated from the SOG film, 

film 60 for insulation does not exist between the first metal 55 the silicon nitride film which has a gas blocking property 

layer 59 and the second metal layer 64. superior to that of the silicon oxide film is preferably used. 

On the interlayer insulating film 60 and the second metal However, if the SOG film is provided between the silicon 
JayerJ54, there is provided a p assivation film , 65 (65a and nitride films, the interlayer insulating film 60 might be 
656) made of phospho -silicate glass (PSG) or silicon nitride. swollen due to gas pressure in some cases, and in the worst 
According to the bonding method such as the inner lead 60 case » mc interlayer insulating film 60 cannot be formed, 
bonding (ILB) method, as shown in FIG. 19, a barrier metal Subsequently, after forming a through hole in the inter- 
layer 66 made of a refractory metal such as titanium- layer insulating film 60 as shown in FIG. 20, a barrier metal 
tungsten is formed on the passivation film 65 (65a and 656) laver 63 made of titanium-tungsten and a se cond metal layer 
and on the second metal layer 64, and further, a gold bump 6 4jnade of aluminum or an almnmun* alloy are formed 
67 is formed on the barrier metal layer 66. 65 thereon as a pad metal and a wire, respectively. 

Incidentally, a semiconductor chip which is formed by Thereafter, the passivation film 65 (65a and 656) made of 

providing an electrode pad 70 on an active element 50 of an PSG or silicon nitride is formed at a predetermined position 
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on the second metal layer 64 in a manner such that the 
passivation film 65 may not be damaged upon bonding. 
Here, as shown in a plan view of in FIG. 22, an opening is 
formed in the passivation film 65 (65a and 656) so that an 
edge 65c of the opening (hereinafter referred to as an 5 
opening edge 65c) is positioned at a distance of 2.5 pan to 
10/an toward inside from an edge 64a of the second metal 
layer 64. In the case where gold wires or aluminum alloy 
wires are bonded to the second metal layer 64 as the pad 
metal by the wire bonding method, the process ends with 10 
this step, and the semiconductor chip wafer is completed. 

On the other hand, in the case where the ILB method is 
used as the bonding method, a barrier metal layer 66 made 
of a refractory metal such as titanium or titanium-tungsten is 
deposited on the second metal layer 64 and the passivation 
film 65 (65a and 65b) by the sputtering method, and 
thereafter, the gold bump 67 is formed by the electric plating 
method. Then, an inner lead 68 (see FIG. 23) is bonded to 
the gold bump 67. 

However, in the case of a semiconductor chip of the 20 
conventional area pad structure, if the wire bonding or the 
inner lead bonding is conducted under excessive conditions 
or if an external force is applied thereto after the bonding, a 
portion under the electrode pad 70 may be damaged and 
broken as shown in FIG. 23, and the barrier metal layer 63 25 
may peel off the third interlayer insulating film 60c. As a 
result, the electrode 70 comes off (open defect), whereby a 
serious problem in quality such as the breaking of a wire 
(wire breaking defect) occurs. 

The causes of this problem are: (1) the second interlayer 30 
insulating film 60b composed of a mechanically fragile thing 
such as an SOG film exists under the electrode pad 70; and 
(2) the third interlayer insulating film 60c made of PSG or 
BPSG, and the barrier metal layer 63 made of a refractory 
metal such as titanium-tungsten do not have adherence to 35 
each other. 

Thus, in the conventional semiconductor chip 
arrangement, drawbacks such as breakdown of the portion 
under the pad upon bonding or exfoliation of the pad cannot ^ 
be sufficiently prevented. Therefore, a semiconductor device 
having a structure such that occurrence of such drawbacks is 
prevented is now demanded. 

SUMMARY OF THE INVENTION 

45 

The object of the present invention is to provide a 
semiconductor device of an area pad structure with which 
breakdown of a part under a pad and exfoliation of the pad 
can be avoided. 

A semiconductor device of the present invention is char- 50 
acterized in comprising (1) an active element provided on a 
semiconductor substrate, (2) an interlayer insulating film 
formed so as to cover the active element, (3) a pad metal for 
an electrode pad, the pad metal being provided on the 
interlayer insulating film, (4) a barrier metal layer provided 55 
on the active element with the interlayer insulating film 
therebetween, so that the pad metal is provided on the barrier 
metal layer, and (5) an insulating film having high adherence 
to the barrier metal layer, the insulating film being provided 
between the interlayer insulating film and the barrier metal 60 
layer. 

According to the above arrangement, to form a semicon- 
ductor device by providing an interlayer insulating film and 
a barrier metal layer on an active element on a semiconduc- 
tor substrate, an insulating film having high adherence to the 65 
barrier metal layer is provided between the barrier metal 
layer and the interlayer insulating film. Therefore, the adher- 
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ence between the barrier metal layer, the insulating film, and 
the interlayer insulating film is surely enhanced. As a result, 
in the case, for example, an external force is applied to the 
electrode pad upon bonding with respect to the same, the 
barrier metal layer does not come off the part thereunder. 

Therefore, with the aforementioned arrangement, the 
breaking of a wire (wire breaking defect) due to the exfo- 
liation of the barrier metal layer can be avoided. As a result, 
the semiconductor device of the area pad structure wherein 
the electrode pad is formed on the active element is con- 
stantly mass-produced, whereby the semiconductor device 
comes to feature lower costs, high quality, and high liability. 
Besides, since the exfoliation the barrier metal layer is 
avoided, the yield of the semiconductor device of the area 
pad structure is surely improved. 

It To achieve the above object, another semiconductor 
device of the present invention is characterized in compris- 
ing (1) an active element having a metal wire, the active 
element being provided on a semiconductor substrate, (2) an 
interlayer insulating film formed so as to cover the active 
element, (3) a pad metal for an electrode pad, the pad metal 
being provided above the interlayer insulating film, and (4) 
a barrier metal layer provided on the active element with the 
interlayer insulating film therebetween, so that the pad metal 
is provided on the barrier metal layer, wherein (i) the 
interlayer insulating film has at least a level difference 
compensating film for compensating a level difference of the 
metal wire, and (ii) only a portion of the level difference 
compensating film under the pad metal is removed. 

According to the foregoing arrangement, in providing the 
barrier metal layer on the active element on the semicon- 
ductor substrate, with the interlayer insulating film provided 
therebetween, the interlayer insulating film having the level 
difference compensating film which is mechanically fragile, 
only a portion under the pad metal is completely removed, 
from the level difference compensating film which is easily 
broken by the stress upon bonding. Therefore, the level 
difference of the metal wire is not compensated, but the 
breakdown of the level difference compensating film does 
not occur under the pad metal. 

Accordingly, with the above arrangement, the exfoliation 
of the barrier metal layer from the part thereunder due to the 
breakdown of the level difference compensating film can be 
avoided. By doing so, the semiconductor device of the area 
pad structure wherein the electrode pad is formed on the 
active element is constantly mass-produced, whereby the 
semiconductor device comes to feature lower costs, high 
quality, and high liability. Besides, since the exfoliation the 
barrier metal layer is avoided, the yield of the semiconductor 
device of the area pad structure is surely improved. Note that 
the level difference compensating film may be formed to a 
minimum thickness necessary for compensating the level 
difference. 

A semiconductor device, having the same arrangement as 
the aforementioned, may be arranged so as to have a 
passivation film which is formed so as to cover a large part 
of the pad metal. 

According to the foregoing arrangement, the passivation 
film which is usually formed so as to partially cover the pad 
metal is formed so as to largely cover the pad metal. By 
doing so, in the case where stress is applied to a part under 
the pad metal due to shock or stress upon bonding or after 
bonding, thereby causing the barrier metal layer to peel off 
the part thereunder, the barrier metal layer is held by the 
passivation film. As a result, exfoliation of the barrier metal 
layer scarcely occurs. Accordingly, by thus providing the 
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passivation film, possibility of the exfoliation of the barrier FIG. 20 is a cross-sectional view illustrating an arrange- 

metal layer from the part thereunder is surely decreased. . ment of a conventional semiconductor device in which an 

For a fuller understanding of the nature and advantages of electrode pad is formed on an active element, 

the invention, reference should be made to the ensuing FIGS. 21(a) through 21(d) are cross-sectional views illus- 

detailed description taken in conjunction with the accom- 5 trating a manufacturing process of the semiconductor 

panying drawings. device. 

BRIEF DESCRIPTION OF THE DRAWINGS FIG 22 is a plan view illustrating a lower side of an 

m . B . electrode of the semiconductor device. 

FIG. 1 is a cross-sectional view illustrating an arrange- M „ . . 

meat of . semiconductor device in accordance with an 10 nG f isa cr^Uonal vxew mustrating a state where 

embodiment of the present invention. f n mter,a y er *** K bn * en ' » burner metal 

_ . . . ... . . . layer comes off the interlayer insulating film. 

FIG. 2 is a plan view illustrating a lower side of an 

electrode pad in a semiconductor device in which an insu- DESCRIPTION OF THE PREFERRED 

lating film having adherence to a barrier metal layer is EMBODIMENTS 

formed on an interlayer insulating film, the electrode pad 15 

having a slit as a passing pore which lets gas generated from First Embodiment 
the interlayer insulating film therethrough. 

FIG. 3 is a plan view illustrating a lower side of an . ^ foUow,n S "f «P>»»» ™ embodiment of 

electrode pad in a semiconductor device in which such P reseDt mvenUon ' wbile refemn 8 to the *»™°S»- 

insulating film having no slit is provided. 20 A semiconductor chip (semiconductor device) of the 

FIGS. 4(a) through 4(f) are cross-sectional views illus- P"** 01 «n>bodiment is arranged as shown in FIG. 1, so that 

trating a manufacturing process of the semiconductor • #£on_oxide film 2 is formed on a silicon substrate 1 

( j ev j ce (semiconductor substrate) in cluding diffusion layersj a and 

^ * _ . . . „ . ,. 4b, and a polysilicon film 3 as a coridUclive layer serving as 

FIG. 5 is a cross-sectional view illustrating an arrange- „ c ' , \ J . . c , ... C1 ~ ° 

4 c , „ . . . « .l ajjate electrode is formed on the silicon oxide film 2. 

ment of a semiconductor device m accordance with another 

embodiment of the present invention. ° n thc ^ OXi oxidc mm 2 ^ c polysilicon film 3, a 

FIG. 6 is a cross-sectional view illustrating another CVD-silicon oxide film 5 formed by the low pressure CVD 

arrangement of the semiconductor device. method > and a BPSG fiUn 6 m lammated this order. In the 

-.Z _. . .., ^ . ... . CVD-silicon oxide film 5 and the BPSG film 6, contact holes 

FIG. 7 is a cross-sectional view illustrating still another 30 , , ^ , tll 0 , OL , ~ 

L - . « « & w are formed. Then, barrier metal layers 8a and 8b made of 

arrangement of the semiconductor device. ... . . . ' . ... n Jn , 

_ . . . titanium-tungsten or the like, and first metal layers 9a and 9b 

FIG 8 is a cross-sectional view illustrating an arrange- ^ made of aluminum or aluminum alloy s uch as 

ment of a semiconductor device in accordance with still ^ummvm silicon oriluminum copper silicon, are formed in 

another embodiment of the present invention. and ^ holes ^ aD acdve element 20 is 

FIG. 9 is a plan view illustrating a lower side of an 35 f ormc< j —fi= ' 

electrode pad of the semiconductor device. ^ on ^ BpsG ^ fi ^ ^ ^ ^ 9a 

FIG 10 is a cross-sectional view lUustraUng an arrange- afld 9b aQ ^ iDSulatiD g ^ film 10 fe forme d. Tne 

ment of a semiconductor device in accordance with still ^ ^ting film 10 is a^ImlnTr insulating film 

another embodiment of the present invenuon. composed of a first interlayer insulating film 10a, a second 

FIGS. 11(a) through 11(d) are cross-sectional views illus- « interlayer insulating film 105, and a third interlayer insulat- 

trating a manufacturing process of the semiconductor device film 10c which arc laminated in this order. 

Sh ^o in ,^! G v u^/^v » . The first interlayer insulating film 10a and the third 

FIGS. 12(a) through 12(d) are cross-secUonal views ; illus- mterla insu lating film 10c are films containing silicon, 

trating a manufacturing process of the semiconductor device such ^ oxidc m ms , silicon ^ride ^ or films 

shown in FIG. 10 which process ensues to the process made 0 f TCO S (tetra ethoxy sflancY . PSG Kp hospho-silicate 

shown m FIGS. 11(a) through 11(d). gkss)> fipsG (boroo ph ospho-suiclt7ibssX NSG jn on- 

FIGS. 13(a) through 13(c) are cross-sectional views illus- d one silicate glass\ or the like. The second interlayer 

trating a manufacturing process of the semiconductor device insulating film 105 is composed of a film formed by the^OG 

shown in FIG. 10, which process ensues to the process ^ mct hod (an SOG filmW tfr e KVe T and has a function as a 

shown in FIGS. 12(a) through 12(d). level difference compensating film for compensating a level 

FIG. 14 is a cross-sectional view illustrating an arrange- difference in the first metal layers 9a and 9b. 

ment of a semiconductor device in accordance with still Iq thc ^ whcrc eimcr mc first interlaycr insulating film 

another embodiment of the present invention. Ifr^fac-t fairi inteday ci insylatirigfilm 10c is a silicon 

FIG. 15 is a cross-sectional view lUustrating an arrange- „ nitride fi lm and the other is a siJiSno^e- film or a film 

ment of a semiconductor device in accordance with still ^ m ade olTEOS, gas such as steam generated from the SOG 

another embodiment of the present invention. nlm due t0 neat app ii ca tion in the manufacturing process of 

FIG. 16 is a cross-sectional view illustrating another the semiconductor device is blocked by the silicon nitride 

arrangement of the semiconductor device shown in FIG. 15. film, while such gas is let through the silicon oxide film or 

FIG. 17 is a cross-sectional view illustrating still another 60 the film made of TEOS. As a result, such an event as the 

arrangement of the semiconductor device shown in FIG. 15. interlayer insulating film 10 may swell or be broken due to 

FIG. 18 is a cross-sectional view illustrating still another a pressure of the gas such as steam can be avoided. Note that 

arrangement of the semiconductor device shown in FIG. 15. the first and third interlayer insulating films 10a and 10c may 

FIG. 19 is a cross-sectional view illustrating an arrange- be hnth^ilimn mriHr. film* orT^Oft film* which are capable 

ment of a conventional semiconductor device in which an 65 of letting gas through. 

electrode pad is formed on a portion other than an active A barrier metal layer 13 (barrier metal layer) made of 

element. titanium-tungsten or the like, on which a second metal layer 



03/19/2004, EAST Version: 1.4.1 



US 6,441,467 B2 

7 8 

f4 of *jr*electrode pad 30 is formed, is provided on the 1, the CV DUsilico n oxide film 5 is formed by the low- 

mterlayeruTSttlating-iUffl-Httf with an insulating film 11 pressure CVD method. Subsequently, as shown in FIG. 4(c), 

therebetween. On the barrier metal layer 13, the second the BPSG film 6 is formed on the CVD -silicon oxide film 5 

metal layer 14 serving sETlTpad metal anu^Twire made of at room temperature, the CVD-silicon oxide film 5 and the 

aluminum or aluminum alloy is formed. 5 BPSG film 6 are photo-etched, so th at contact Ijnles la and 

TTie^uminum or aluminum-alloy wire such as the second 7b are formed, 

metal layer 14 tends to be broken due to stress migration Thereafter, by the sputtering method, the barrier meta l 

caused by thermal stress, or the like. Therefore, it is par- lay us 8a and 86 made of titanium -tungsten or the like, and 

ticularly preferable to form the b arrier metal laye_L -l3-fflade ^the first metal layers 9a andj )fc_made of ^j uminum or 

of jj tanium^ chemical compound or the like under the alu- to aluminum alloy such as aluminum silicon, aluminum copper 

minum or aluminum-alloy wire, and by doing so, liability of silicon, or the like are formed metal wires. Then, by dry 

the aluminum or aluminum-alloy wire is enhanced. etching, the barrier metal layers Sa and 86 and the first metal 

The insulating film 11 is composed of a film having high layers 9a and 9b are re-shaped to necessary desired shapes, 

adherence to the barrier metal layer 13, for example, a Subsequently, as shown in FIG. 4(d), the interlayer insu- 

silicon nitride film , and it is formed by, for example, the 15 lating jilm 10 is formed on the BPSG film 6 and the first 

plasma CVD method to a thickness of 200 nm to 600 nm. ^metal layers 9a and 9b. More specifically, on the BPSG film 

The insulating film 11, as shown in the plan view of FIG. 2, 6 and the first metal layers 9a and 9b, the first interlayer 

has a slit 11a which lets gas generated from the interlayer insulating film 11a composed of a silicon oxide film and the 

insulating film 10 pass. The insulating layer 11 is formed like is formed by, for example, the plasma CVD method, 

wider than the second metal layer 14 by about 4 fxm on each 20 prior to a stage where the second interlayer insulating film 

side. Thus, by providing the slit 11a in the i nsulating film 11 , _10b is formed. Subsequently, on the first interlayer insulat- 

the deformation, cracking, swelling, breaking, or the like of ingjilnx-lflg, the second interlayer insulating film 10b is 

the interlayer insulating film 11 can be avoided, whereby a formed by, for example, the spin coat method (the SOG 

semiconductor device of high quality can be achieved. Note method), in one step or two steps. Then, on the second 

that without forming a slit such as the slit 11a on the 25 interlayer insulating film 10b, the third interlayer insulating 

insulating film 11, the insulating film 11 may be provided film 10c composed of a silicon oxide film and the like is 

substantially all over the second metal layer 14, as shown in formed by, for example, the plasma CVD method. 

FIG. 3, and in this case, substantially no problem occurs. Thereafter, in the present embodiment, as shown in FIG. 

Furthermore, the insulating film 11 may be any insulating 4(e), the insulating film 11 composed of a film having high 

film provided that it has high adheren ce with the barri er 3 adherence to the barrier metal layer 13, such as ^-silicon, 

metal layer 13, and it may be a film other than the silicon nitride film, is fo rmed in an area corresponding to the pad 

jjilride film. It may be, for example, a jsilicon oxide film and therearound on the third interlayer insulating film 10c by 

(SiO, SiOJ, or a film made of PSG, BPSG, NSG, or the like. the plasma CVD method. 

Since titanium -tungsten and the like composing a material of ^ Then, as shown in FIG. 4(f), a through hole 12 is formed 

the barrier metal layer 13 is oxidizable, a silicon nitride film m the interlayer insulating film 10 and the insulating film 11, 

which does not contain oxygen is preferable as the insulating and then, the KamV^m^ i layer 13 m ade nf titanium. 

film 11. Besides, since the silicon nitride film is a dense, hard tungsten or the like and the second metal layer 14 made of 

film which hardly lets moisture through, an effect that aluminum or aluminum alloy are formed as a pad metal and 

leakage to the element under the insulating film 11 is ^ a wire, respectively. 

prevented can be achieved. Thereafter, the passiv ation film 15 (15a and 15b) com- 

At predetermined positions on the second metal layer 14, posed of a PSG film or a silicon nitride fil m is formed at a 

passiv ation fil m 15 (15a and 15b) is formed, which is made predetermined area on the second metal layer 14. Then, in 

gf PSIj or sihenn nitride In the present embodiment, as the case where the gold wire or the aluminum wire is bonded 

shown in FIG. 2, an opening is formed in the passivation 4S to the second metal layer 14 as the pad metal by the wire 

film 15 (15a and 15b) so that an edge 15c of the opening is bonding method, the process ends with this step, whereby a 

positioned at a distance of, for example, 2.5 /an to lQwm wafer of the semiconductor chip is completed, 

toward inside from an edge 14a of the second metal layer 14. Qd the other hand? m me case where me ILB method is 

Further, a b ajrier metal layer 1 6 made of a refractory utilized, as shown in FIG. 1, the barrier metal layer 16 made 

metal such as titanium rir tjfaniiim-hinfi^ttMi is fnnmftH on the 50 of a refractory metal such as titanium or titanium-tungsten is 

second metal layer 14 and the passivation film 15 (15a and deposited on the second metal layer 14 and the passivation 

156), and a gold hump 17 which is electrically connected to film 15(15a and 156) by the sputtering method. Then, the 

an inner lead (not shown) is formed on the barrier metal gold bump 17 is formed on the barrier metal layer 16 by the 

layer 16. Note that in the case where the wire bonding electric plating method, and an inner lead (not shown) is 

method is applied, a gold wire or an aluminum -alloy wire is 55 bonded to the gold bump 17. 

bonded to the second metal layer 14 as the pad metal. Thus, According to the foregoing arrangement, the barrier metal 

the electrode pad 30 is formed. laycr ^ ^ pr0 vided on the interlayer insulating film 10, with 

The following description will explain a manufacturing the insulating film 11 provided therebetween, the insulating 

process of a semiconductor chip in accordance with the film 11 having high adherence to the barrier metal layer 13. 

present embodiment, while referring to FIGS. 4(a) through 60 Therefore,.the adherence between the barrier metal layer 13, 

4(f). The steps till the step shown in FIG. 4(d) are the same the insulating film 11, and the interlayer insulating film 10 

as those of the conventional manufacturing process. surely increases. As a result, for example, in the case where 

Specifically, as shown in FIG. 4(a), after th e silicon oxide an external force is applied to the electrode pad 30 upon 

J&1tjl2 is formed on the. <iilirnn Qiih^tra^ 1 , tBe polysilicon bonding with respect to the same, the barrier metal layer 13 

film 3 is formed on the silicon oxi(Je-filoi2, whereby the gate 6S hardly comes off the lower side of the pad. Actually, 

electrode is formed. Then, as shown in FIG. 4(6), after the coming-off of the electrode pad 30, that is, "open defect", 

diffusion layers 4a and 46 are formed in the silicon substrate did not occur at all. 
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Therefore, with the aforementioned arrangement, the 
"wire breaking defect" due to the exfoliation of the barrier 
metal layer 13 can be avoided. As a result, the semiconduc- 
tor device of the area pad structure wherein the electrode pad 
30 is formed on the active element 20 can be constantly 
mass-produced, whereby the semiconductor device comes to 
feature low costs, high quality, and high liability. Besides,' 
since the "open defect" is eliminated, the yield of the 
semiconductor device of the area pad structure is surely 
improved. 

As has been described above, the semiconductor device of 
the present invention, wherein the barrier metal layer on 
which the pad metal of the electrode pad is formed is 
provided on the active element of the semiconductor 
substrate, with the interlayer insulating film therebetween, is 
characterized in that the insulating film having high adher- 
ence to the barrier metal layer is provided between the 
interlayer insulating film and the barrier metal layer. 

With the above arrangement, the semiconductor device is 
arranged so that (1) the interlayer insulating film and (2) the 
barrier metal layer on which the pad metal of the electrode 
pad is formed, are laminated in this order on the active 
element of the semiconductor substrate. 

Herein, since the barrier metal layer is provided on the 
interlayer insulating film, with the insulating film having 
high adherence to the barrier metal layer provided 
therebetween, the adherence between the three layers, that 
is, the barrier metal layer, the insulating film, and the 
interlayer insulating film is surely improved. As a result, 
even in the case where an external force is applied to the 
electrode pad upon bonding of the same, the barrier metal 
layer scarcely peels off the layer beneath. 

Therefore, with the aforementioned arrangement, the 
breaking of a wire stemming from the exfoliation of the 
barrier metal layer can be avoided As a result, the semi- 
conductor device of the area pad structure wherein the 
electrode pad is formed on the active element is constantly 
mass-produced, whereby the semiconductor device comes to 
feature lower costs, high quality, and high liability. Besides, 
since the exfoliation the barrier metal layer is avoided, the 
yield of the semiconductor device of the area pad structure 
is surely improved. 

The semiconductor device of the present invention, hav- 
ing the aforementioned arrangement, is preferably charac- 
terized in that the insulating film is a silicon nitride film. 

With the foregoing arrangement, oxidization of the barrier 
metal layer is considerably suppressed when the insulating 
film composed of the silicon nitride film is adhering to the 
barrier metal layer, since the silicon nitride film does not 
contain oxygen. Therefore, the barrier metal layer and the 
insulating film are further surely adhered to each other. 
Moreover, since the silicon nitride film is a dense and hard 
film which hardly lets moisture through, the "leakage 
defect" of the active element under the insulating layer can 
be prevented. The plasma CVD method is preferably applied 
to form the silicon nitride film, since by doing so the silicon 
nitride film is made to have good properties as the insulating 
layer. 

Besides, the barrier metal layer is preferably made of a 
titanium compound since in this case the liability of the 
aluminum or aluminum-alloy wire formed on the barrier 
metal layer is further enhanced. Titanium-tungsten is par- 
ticularly preferable as a material to form the barrier metal 
layer. 

The semiconductor device of the present invention, hav- 
ing the aforementioned arrangement, is preferably charac- 
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terized in that the insulating layer has a slit which lets gas 
generated from the interlayer insulating film through. 

According to the aforementioned arrangement, the gas 
such as moisture generated from the interlayer insulating 

5 film due to heat application in the manufacturing process of 
the semiconductor device is discharged to outside through 
the slit provided in the insulating film. Therefore, the 
deformation, cracking, swelling, or breaking of the inter- 
layer insulating film due to the pressure of the gas can be 

10 avoided, whereby the semiconductor device of high quality 
can be achieved. 

The semiconductor device of the present invention, hav- 
ing the aforementioned arrangement, is characterized in that 
the interlayer insulating film is a trilaminar insulating film 

15 having first, second and third layers, the first and third layers 
being insulating films containing silicon, the second layer 
being a level difference compensating film. Here, the inter- 
layer insulating film is preferably a trilaminar insulating film 
composed of a silicon nitride film, an SOG film, and a 

20 silicon oxide film laminated in this order. 

According to the aforementioned arrangement, the inter- 
layer insulating film includes an SOG film. Therefore, a 
level difference under the interlayer insulating film is com- 
pensated by the SOG film. Besides, with the aforementioned 

25 arrangement, the interlayer insulating film has a structure 
wherein the SOG film is sandwiched by the silicon nitride 
film and the silicon oxide film. Therefore, gas such as steam 
generated from the SOG film due to heat application in the 
manufacturing process is blocked by the silicon nitride film 

30 while it is let through the silicon oxide film, thereby going 
outside. As a result, the swelling and breaking of the 
interlayer insulating film due to a gas pressure of steam or 
the like can be avoided. 

3S Furthermore, the interlayer insulating film may be a 
trilaminar insulating film composed of an TEOS film, an 
SOG film, and a TEOS film which are laminated in this 
order. 

With this arrangement wherein the interlayer insulating 
40 film includes an SOG film, a level difference under the 
interlayer insulating film can be compensated by the SOG 
film. Besides, gas such as steam generated from the SOG 
film due to heat application in the manufacturing process is 
let through the TEOS films sandwiching the SOG film, 
4 5 thereby going out As a result, the swelling and breaking of 
the interlayer insulating film due to a gas pressure of steam 
or the like can be avoided. 

Second Embodiment 

50 The following description will explain another embodi- 
ment of the present invention, while referring to the draw- 
ings. The members having the same structure (function) as 
those in the above-mentioned embodiment will be desig- 
nated by the same reference numerals and their description 

55 will be omitted. 

As shown in FIG. 5, a semiconductor chip in accordance 
with the present embodiment has the same arrangement as 
that of the semiconductor chip shown in FIG. 1 except that: 
(1) the insulating film 11 is not formed on the third interlayer 

60 insulating film 10c; and (2) a portion of the second interlayer 
insulating film 10b right under the second metal layer 14 is 
removed. 

A manufacturing process of a semiconductor device 
arranged as above is as follows. The manufacture proceeds 
65 through the same steps as those in the first embodiment till 
the step shown in FIG. 4(c), and then, a film containing 
silicon, that is, either a silicon oxide film, a silicon nitride 
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film, or a film made of TEOS is formed as the first interlayer and the second interlayer insulating film 106 may be formed 

insulating film 10a by the plasma CVD method. to a minimum thickness necessary for compensating the 

Subsequently, a level difference of the first metal layers 9a level difference in the first metal layers 9a and 9b. 

and 9b is compensated by the spin coat method, and the As has been described, the semiconductor device of the 

second interlayer insulating film lab is formed in one step or 5 present invention has an active element with a metal wire on 

two steps by the SOG method and the like so that the a semiconductor substrate, and on the active element, there 

interlayer insulating film 10 has a flat surface. is provided a barrier metal layer on which the pad metal of 

Then, a portion of the second interlayer insulating film the electrode pad is formed, with the interlayer insulating 

10b which will come right under the second metal layer 14 film provided between the active element and the barrier 

is completely removed by etching so that the removed 10 metal layer. This semiconductor device is characterized in 

portion is wider than an area of the second metal layer 14 by that the interlayer insulating film has at least the level 

4 fim on each side. Thereafter, the third interlayer insulating difference compensating film for compensating the level 

film 10c which is composed of a film made of a silicon difference of the metal wire, and a portion of the level 

compound, such as a silicon oxide film or a silicon nitride difference film right under the pad metal is removed, 

film, is formed by the plasma CVD method. The subsequent 15 According to the foregoing arrangement, the barrier metal 

steps are the same as those in the first embodiment (except foyer, on which the pad metal of the electrode pad is formed, 

the steps for forming the insulating film 11). js provided on the active element on the semiconductor 

By thus arranging the semiconductor chip, only the elec- substrate, with the interlayer insulating film provided 

trode pad 30 has an uneven surface, but a level difference therebetween, the interlayer insulating film having the level 

causing the unevenness is at most about 1 /mi high, and this 20 difference compensating film which is mechanically fragile, 

level difference did not lead to any problem such as the Here, only a portion under the pad metal is completely 

breaking of a wire. Besides, though the electrode pad 30 has removed from the level difference compensating film which 

the uneven surface, bonding was not reversely affected. is easily broken by the stress upon bonding. Therefore, the 

Instead of completely removing the portion of the second level difference of the metal wire is not compensated, but the 

interlayer insulating film lib right under the second metal 25 breakdown of the level difference compensating film does 

layer 14, the second interlayer insulating film 10b may be not occur under the pad metal. 

formed, as shown in FIG. 6, to a minimum thickness Accordingly, with the above arrangement, the exfoliation 

necessary for compensating the level difference in the first Q f the barrier metal layer from the part thereunder due to the 

metal layers 9a and 96. In this case, the second interlayer ^ breakdown of the level difference compensating film can be 

insulating film 10b may be formed on the first interlayer avoided. By doing so, the semiconductor device of the area 

insulating film 10a, then, the second interlayer insulating pa d structure wherein the electrode pad is formed on the 

film 106 is thinned by 50 nm to 60 nm by fight etching till active element is constantly mass-produced, whereby the 

the highest portions of the first interlayer insulating film 10a semiconductor device comes to feature lower costs, high 

appears. ^ quality, and high liability. Besides, since the exfoliation the 

In this structure, the second interlayer insulating film 106 barrier metal layer is avoided, the yield of the semiconductor 
does not exist above the highest portions of the first metal device of the area pad structure is surely improved, 
layers 9a and 96, and the second interlayer insulating film Furthermore, the semiconductor device of the present 
106 remain only in a region between the first metal layers 9a invention has an active element with a metal wire on a 
and 96. Therefore, as in the first embodiment, the level ^ semiconductor substrate, and a barrier metal layer on which 
difference in the first metal layers 9a and 96 is compensated, the pad metal of the electrode pad is formed is provided on 
and the interlayer insulating film 10 can be made to have a the active element, with the interlayer insulating film pro- 
flat surface. By doing so, actually, the breakdown of a part vided between the active element and the barrier metal layer, 
under the second metal layer 14 due to an external force after This semiconductor device may be characterized in that the 
bonding did not occur. Therefore, the level difference com- 45 interlayer insulating film has at least the level difference 
pensation in the part right under the second metal layer 14 compensating film for compensating the level difference of 
and the prevention of breakdown of the same part can be the metal wire, and the level difference compensating film 
achieved at the same time. has the minimum thickness necessary for compensating a 

Furthermore, as shown in FIG. 7, a semiconductor chip level difference of the metal wire, 

may be arranged by combining the foregoing arrangement 50 According to the aforementioned arrangement, the barrier 

and the arrangement in the first embodiment. More metal layer, on which the pad metal of the electrode pad is 

specifically, to form the semiconductor chip, the insulating formed, is provided on the active element of the semicon- 

film IX having high adherence to the barrier metal layer 13 ductor substrate, with the interlayer insulating film having 

may be provided on the third interlayer insulating film 10c, the level difference compensating film provided therebe- 

and a portion of the second interlayer insulating film 106 55 tween. 

right only under the second metal layer 14 is removed. Here, since the level difference compensating film under 

In this case, in an article in which a bump has been already the pad metal has the minimum thickness necessary for 

formed, the part under the second metal layer 14 was not compensating a level difference of the metal wire, a degree 

damaged even when stress was applied intensively to the of breakdown of the level difference compensating film 

gold bump 17 by, for example, harshening ELB conditions 60 which is normally easily broken by shock or the like can be 

(temperature: 560° C, load: 60g/bump, bonding time: 1 lowered, in addition to that the compensation of the level 

second), or bonding an inner lead to the gold bump 17 with difference is achieved. In other words, the prevention of the 

an actual bonding position shifted from a right position by breakdown of the part under the pad metal and the level 

not less than 10 /on. difference compensation can be achieved at the same time. 

Furthermore, not particularly shown, but the insulating 65 Therefore, with the aforementioned arrangement, the 

film 11 having high adherence to the barrier metal layer 13 semiconductor device of the area pad structure wherein the 

may be provided on the third interlayer insulating film 10c, electrode pad is formed on the active element is constantly 
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mass-produced, whereby the semiconductor device comes to ture (hereinafter referred to as a quintuple-structure inter- 
feature lower costs, high quality, and high liability. Besides, layer insulating film 40) is formed between. the second metal 
since the exfoliation the barrier metal layer is avoided, the layer 14 and the first metal layers 9a and 96, so that high 
yield of the semiconductor device of the area pad structure reliability is obtained in environmental tests during or after 
is surely improved. 5 an inner lead bonding (ILB) operation. The arrangement of 

the present embodiment is completely identical to that of the 

llurd Embodiment first cmbodiment exccpt that me above mte rlayer insulating 

The following description will explain still another film 40 is provided, 

embodiment of the present invention, while referring to the A first layer (a first-layer insulating film 40a) of the 

drawings. The members having the same structure io foregoing interlayer insulating film having the quintuple 

(function) as those in the above-mentioned embodiment will layer structure (hereinafter referred to as a quintuple- 

be designated by the same reference numerals and their structure interlayer insulating film 40) is a silicon nitride 

description will be omitted. film or a silicon oxide film. A second layer (a second-layer 

As shown in FIG. 8, the passi vation film 15(15a and 15b ), insulating film 40b) of the same is an SOG film, which is 

which is normally formed so as to cover a part or tne second 15 formed so as to cover the first-layer insulating film 40a 

metal layer 14, is formed, in the present embodiment, so as except a portion thereof. A third layer (a third-layer insu- 

to cover a greater part of the second metal layer 14, so that lating film 40c) of the same is, like the first-layer insulating 

the stress occurring upon bonding or after bonding is eased. film 40a, a silicon nitride film or a silicon oxide film. A 

The rest of the arrangement is the same as that in the first fourth layer (a fourth-layer insulating film 40d) of the same 

embodiment except that the insulating film U is provided in 20 is, like the second-layer insulating film 40b, an SOG film, 

the first embodiment while it is not in the present embodi- which is formed on the third-layer insulating film 40c so that 

ment. a portion or a greater part of the third-layer insulating film 

In this case, as shown in FIG. 9, since the second metal ^ uncovered. A fifth layer (a fifth-layer insulating film 

layer 14 is 50 //m>100 fan in size, the passivation film ^ me first-layer and third-layer insulating films 

15(15a and 15b) is formed so as to cover a large part of the 25 and 40c, a silicon nitride film or a silicon oxide film, 

second metal layer 14, with an opening 15c formed to 40 The following description will explain a method for 

/xmx3Qam in size. forming the quintuple-structure insulating film 40. First of 

With this arrangement, in the case where stress is applied all, as shown in FIG. 11(a), a silicon oxide film 2, a gate 

to the part under the second metal layer 14 by shock or stress electrode composed of a polysilicon film 3, diffusing layers 

upon bonding and the barrier metal layer 13 almost peels off 4a and 4b, barrier metal layers 8a and 86, and first metal 

the part thereunder, the barrier metal layer 13 is held by the layers 9a and 96 are formed on a silicon substrate 1. 

pa^iVaflYm fitir^ is whereby the barrier metal layer 13 Next, as shown in FIG. 11(6), the first-layer insulating 

rEardly peels off. Therefore, with the above arrangement film 40a, which is either a silicon nitride film or a silicon 

wherein the passivation film 15 is provided so as to cover a 35 oxide film, is formed on the first metal layers 9a and 9b. The 

large part of the second metal layer 14, possibility of the film forming method here used should not be limited to any 

exfoliation of the second metal layer 14 from the part specific film forming method, but the CVD method is 

thereunder is surely decreased. preferable. The first-layer insulating film 40a preferably has 

Needless to say, this arrangement of the present embodi- a thickness of 200 nm to 600 nm. 

ment wherein the passivation film 15 (15a and 156) is ^ Thereafter, as shown in FIG. 11(c), the SOG film as the 

formed so as to cover a large part of the second metal layer second-layer insulating film 406 is formed on the first-layer 

14 is applicable to the first and second embodiments. insulating film 40a by the spin coat method. Since the 

As has been described, the semiconductor device of the second-layer insulating film 406 (SOG film) preferably has 

present invention is characterized in that a passivation film a thickness of 300 nm to 800 nm, the SOG film is formed by 

is provided on the pad metal so as to cover a large part of the 45 executing a spin-coating operation twice in the present 

pad metal. embodiment. 

According to this arrangement, the passivation film which Subsequently, as shown in FIG. 11(0*), the second-layer 
is normally provided so as to cover a part of the pad metal insulating film 406 thus formed is etched. By doing so, the 
is formed so as to cover a large part of the pad metal. thickness of the second insulating film 406 is reduced on the 
Therefore, in the case where stress is applied to the part 50 whole, and particularly, portions of the second insulating 
under the pad metal by shock or stress upon bonding and film 406 above the first metal layers 9a and 96 are corn- 
after bonding and the barrier metal layer almost peels off the pletely removed, whereby portions of the first-layer insulat- 
part, the barrier metal layer is held by the passivation film, ing film 40a corresponding to these portions are uncovered, 
whereby the barrier metal layer hardly peek of! Therefore, Note that the second-layer insulating film 406 remains in a 
by providing the passivation film as described above, pos- 55 region between the first metal layers 9a and 96. The dry 
sibility of the exfoliation of the barrier metal layer from the etching is conducted as the etching after forming the SOG 
part thereunder is surely decreased. fihn in the present embodiment, but the etching should not 

be limited to this, and instead an etching by mechanically 

Fourth Embodiment grinding may be applied. 

The following description will explain another embodi- 60 Then, as shown in FIG. 12(a), a silicon nitride film or a 

ment of the present invention, while referring to the draw- silicon oxide film, like the first-layer insulating film 40a, is 

ings. The members having the same structure (function) as formed as the third-layer insulating film 40c on the second- 

those in the first through third embodiments will be desig- layer insulating film 406. The third-layer insulating film 40c 

nated by the same reference numerals and their description has a thickness of 200 nm to 600 nm, like the first-layer 

will be omitted. 65 insulating film 40a. The third-layer insulating film 40c is in 

As shown in FIG. 10, in the present embodiment, an direct contact with the uncovered portions of the first-layer 

interlayer insulating film 40 having a quintuple layer struc- insulating film 40a formed on the first metal layers 9a and 



03/19/2004, EAST Version: 1.4.1 



US 6,441,467 B2 

15 16 

9b, which portions are uncovered with the second-layer insulating films 40a, 40c, and 40e, and further, as the silicon 

insulating film 406. oxide film is made of NSG or PSG. In the present 

Thereafter, as shown in FIG. 12(6), an SOG film as the embodiment, the silicon nitride film is preferably selected 

fourth-layer insulating film 40d is formed on the third-layer from among them. This is because the silicon nitride film has 

insulating film 40c by the spin coat method. The fourth-layer 5 particularly preferable features regarding leakage resistance 

insulating film 40d (SOG film) preferably has a thickness of a fter absorbing moisture. 

about 300 nm. Therefore, unlike the case where the second- As described above, the semiconductor device of the 

layer insulating film 40f> is formed, there is no need to apply t mvention ^ arranged ^ ^ t0 have a qumt upl e - 

a spin coat operation twice to form the fourth-layer insulat- 4 . . , . .r £1 , . . 2 1 . . 

• ci a u c j u • 1 • * structure mterlayer insulating film between the first metal 

log film 40a, and it can be formed by a single spin coat in . , - & . „ , , 

operation layers made of alummum or aluminum alloy and the pad 

Thereafter, as shown in FIG. 12(c), the SOG film as the mcta ^ 

fourth-layer insulating film 40a* is etched. Here, it is pref- Therefore, with the above arrangement, the SOG film 

erable to remove a greater part of the SOG film. For which " mechanically fragile remains only in a region 

example, the SOG film may remain above a region between between the first metal layers. Therefore, even when an 

the first metal layers 9a and 9b as shown in FIG. 12(c), but 15 external force upon the ILB operation is exerted to the 

a greater part of the rest is preferably removed. As a result, interlayer insulating film through the bump, the external 

at least the portions of the third-layer insulating film 40c force does not concentratively affect the SOG film. Besides, 

above the first metal layers 9a and 9b are substantially the quintuple-structure interlayer insulating film also serves 

completely uncovered. as a level difference compensating film, has a feature of 

It should be noted that the etching herein is preferably 20 teing mechanically stable, and has a high adherence to the 

applied not only to the SOG film as the fourth-layer insu- pad metal. 

lating film 40a* but also to the silicon nitride film or the Consequently, when an external force is applied to the 

silicon oxide film as the third-layer insulating film 40c. By electrode pad upon bonding or after bonding, the barrier 

doing so, a surface after the formation of the fourth-layer metal tends to hardly peels off the layer beneath. Therefore, 

insulating film 40rf becomes further flatter and smoother. 25 the semiconductor device having the area pad structure 

Next, as shown in FIG. 12(d), a silicon nitride film or a characterized in structural stability, a low price, high quality, 

silicon oxide film, like the first-layer and third-layer insu- and high reliability can be stably mass-produced, 

lating films 40a and 40c, is formed as the fifth-layer insu- ft ... 

lating film 40e on the third-layer and fourth-layer insulating 3Q m 1111611 

films 40c and 40o\ The fifth-layer insulating film 4©e also The following description will explain a still another 

preferably has a thickness of 200 nm to 600 nm. Since a embodiment of the present invention, while referring to the 

greater part of the fourth-layer insulating film 40d is pref- drawings. The members having the same structure 

erably removed as described above, a greater part of the (function) as those in the first through fourth embodiments 

fifth-layer insulating film 40e is in direct contact with the 35 will be designated by the same reference numerals and their 

third-layer insulating film 40c. description will be omitted. 

Thereafter, as shown in FIG. 13(a), a contact hole is made As shown in FIG. 14, an interlayer insulating film in the 

in the quintuple-structure insulating film 40 on the first metal present embodiment, which results on simplifying the 

layer 9b so that a portion of the first metal layer 9b is quintuple-structure interlayer insulating film 40 of the fourth 

uncovered. Then, the second metal layer 14 as the pad metal ^ embodiment, is provided between the second metal layer 14 

is formed so that it comes into contact with the first metal and the first metal layers 9a and 9b, which interlayer 

layer 9b through the contact hole. Subsequently, as shown in insulating film is a trilaminar interlayer insulating film 

FIG. 13(6), a passivation film 15 anrj is f ™Tntfl SO (hereinafter referred to as a trilaminar insulating film) 41. 

as to cover the second metal layer 14, and a pad area is The arrangement of the present embodiment is identical to 

opened. 45 that of the fourth embodiment, except that this trilaminar 

Finally, as shown in FIG. 13(c), ajaamst ™* f * T 1 * mail* insulating film 41 is provided in lieu of the quintuple- 

of titanium -tungsten or the like is formed in the pad area, and structure insulating film 40. 

a gold bump 17 is formed by gold plating. Thus, a semi- By omitting, in the process for forming the quintuple- 
conductor device having the quintuple-structure insulating structure insulating film 40 of the fourth embodiment, opera- 
film 40, in accordance with the present embodiment, is 50 tions of forming and etching the SOG film as the fourth- 
formed, layer insulating film 40a* shown in FIGS. 12(b) and 12(c) 
In the semiconductor device having the foregoing and an operation of forming the silicon nitride film or the 
quintuple-structure insulating film 40, the SOG film which silicon oxide film as the fifth-layer insulating film 40e shown 
is mechanically fragile remains only in a region between the in FIG. 12(d), the trilaminar insulating film of the present 
first metal layers 9a and 9b. Therefore, even when an 55 embodiment is obtained. 

external force upon the ILB operation is exerted to the Concretely, the trilaminar insulating film 41 of the present 

quintuple-structure insulating film 40 through the gold bump embodiment is composed of a first-layer insulating film 40a 

17, the external force does not concentratively affect the which is a silicon nitride film or a silicon oxide film, a 

SOG film. As a result, the quintuple-structure insulating film second-layer insulating film 40b which is an SOG film, and 

40 has a structure which is extremely mechanically stable. 50 a third-layer insulating film 40c which is a silicon nitride 

Note that even in the structure in accordance with the present film or a silicon oxide film, like the first-layer insulating film 

embodiment, the quintuple-structure insulating film 40 tends 40a. The second-layer insulating film 40b is formed so as to 

to have a lower mechanical strength in the case where a cover the first-layer insulating film 40a except portions 

distance between the first metal layers 9a and 9b below the thereof above the first metal layers 9a and 9b. In other 

gold bump 17 is not less than 100 fan. 65 words, the trilaminar insulating film 41 has a structure such 

Here, a silicon nitride film or a silicon oxide film is that, like in the fourth embodiment, the SOG film is provided 

applied as each of the first-layer, third-layer, and fifth-layer between silicon nitride or silicon oxide films. 
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Thus, in the above arrangement, the interlayer insulating metal wire made of aluminum or aluminum alloy has a 

film has not a quintuple layer structure but a trilaminar trilaminar structure, and that quintuple-structure insulating 

structure, unlike in the fourth embodiment. Therefore, the films are formed between metal wires, respectively, 

mechanical stability of the interlayer insulating film may be Therefore, with the aforementioned arrangement, an 

more or less inferior. However, since the steps of forming 5 external force upon an ILB operation is prevented from 

and etching the fourth-layer insulating film 40d and the step being exerted to the interlayer insulating films even in the 

of forming the fifth-layer insulating film 40<? are omitted, the case where each metal wire bas a multi-layer-structure 

manufacturing process is simplified, thereby allowing the having not less than two layers, and as a result, the interlayer 

manufacturing costs to lower. insulating film?; have more stable structures. 

As described above, the semiconductor device of the to 

present invention is arranged so as to have a ti^arninar Seventh Embodiment 

interlayer insulating film between the first metal layers made The following description will explain still another 

of aluminum or aluminum alloy and the pad metal. embodiment of the present invention, while referring to the 

Therefore, when an external force upon the ILB operation drawings. The members having the same structure 

is exerted to the interlayer insulating fQm through the bump, 15 (function) as those in the first through sixth embodiments 

the external force does not concentratively affect the SOG will be designated by the same reference numerals and their 

film, thereby causing the interlayer insulating film to have a description will be omitted. 

stable structure, while simplifying the manufacturing pro- As shown in FIGS. 16, 17, and 18, an arrangement of the 

cess and lowering the manufacturing costs. present embodiment is identical to the sixth embodiment in 

Sixth Embodiment 2 ° ^ e ^°^ 0W * n S aspects: (1) each metal wire has a trilaminar 

a ' 1 1!S * f i structure; (2) a lower interlayer insulating film 42 is formed 

The following description will explain still another between the first metal layers 9a and 96 and the second 

embodiment of the present invention, while referring to the metal layers 146, 14c, and 14d; and (3) an upper interlayer 

drawings. The members having the same structure insulating film 43 is formed between the second metal layers 

(function) as those in the first through fifth embodiments 25 146, 14c, and 14d and the third metal layer 19. However, in 

will be designated by the same reference numerals and their the present embodiment, at least either of the lower and 

description will be omitted. upper interlayer insulating films 42 and 43 is identical to the 

As shown in FIG. 15, the arrangement of the present trilaminar insulating film 41 of the fifth embodiment, 

invention is characterized in that in addition to the two layers Specifically, the present embodiment has any one of the 

of metal wires (the metal wires of the active element and the ^ following arrangements regarding the interlayer insulating 

pad metal), another metal wire is formed between the metal films: (1) as shown in FIG. 16, the lower interlayer insulat- 

wires, with interlayer insulating films therebetween. ing film 42 is a quintuple-structure insulating film 40, and 

Specifically, second metal layers 146, 14c, and 14d are the upper interlayer insulating film 43 is a trilaminar insu- 

additionally formed between the first metal layers 9a and 9b 35 lating film 41; (2) as shown in FIG. 17, the lower interlayer 

as the metal wires of the active element on one hand and the insulating film 42 is a trilaminar insulating film 41, and the 

pad metal (third metal layer 19) as the metal wire of the upper interlayer insulating film 43 is a quintuple-structure 

electrode pad on the other hand. Besides, a pair of quintuple- insulating film 40; and (3) as shown in FIG. 18, the lower 

structure insulating films 40 are formed so as to sandwich and upper interlayer insulating films 42 and 43 are both 

the second metal layers 146, 14c, and I4d ^ trilaminar insulating films 41. 

More specifically, one quintuple-structure insulating film By arranging the lower and upper interlayer insulating 

40 is formed as a lower interlayer insulating film 42, films 42 and 43 so that either of them is the trilaminar 

between the first metal layers 9a and 96 and the second interlayer insulating film 41, or preferably, so that both of 

metal layers 146, 14c, and \Ad. The first metal layer 96 and them are the trilaminar interlayer insulating films 41 as 

the second metal layer 146 are in contact with each other 45 described above, it is possible to simplify the manufacturing 

through a contact hole formed in the lower interlayer insu- process and to reduce the manufacturing costs. Besides, in 

lating film 42. the case where here either of the lower and upper interlayer 

Then, another quintuple-structure insulating film 40 is insulating films 42 and 43 is the quintuple-structure inter- 
formed as an upper interlayer insulating film 43, between the layer insulating film 40, it is preferable that the SOG film 
second metal layers 146, 14c, and 14rf and the third metal 50 (the fourth-layer insulating film 40d) formed between the 
layer 19. The second metal layer 14d and the third metal third-layer insulating film 40c and the fifth-layer insulating 
layer 19 are in contact with each other through a contact hole film 50e is substantially completely removed by etching. By 
formed in the upper interlayer insulating film 43. doing so, an effect of an external force is hardly exerted to 

Since the lower and upper interlayer insulating films 42 me S0G film between the first metal layers 9a and 96. 

and 43 has the same arrangement as that of the quintuple- 55 As described above, the semiconductor device of the 

structure insulating layer 40 of the fourth embodiment present embodiment is characterized in that each metal wire 

described above, detailed description about the arrangement made of aluminum or aluminum alloy has a trilaminar 

thereof is omitted here, but as to both the lower and upper structure, and that at least either of the lower and upper 

interlayer insulating films 42 and 43, it is preferable that the interlayer insulating films is a trilaminar interlayer insulating 

SOG film (fourth-layer insulating film 4Qd) formed between 60 

the third-layer insulating film 40c and the fifth-layer insu- Therefore, with the aforementioned arrangement, the 
lating film 40e is substantially completely removed by interlayer insulating films have a more stable structure each, 
etching. By doing so, an effect of an external force is hardly even in the case where each metal wire has a multilayer- 
exerted to the SOG film in a region between the first metal structure having not less than two layers, and as a result, the 
layers 9a and 96. 65 interlayer insulating films have more stable structures. 

As described above, the semiconductor device in accor- It should be noted that though each metal wire has a 

dance with the present invention is characterized in that each trilaminar structure in the aforementioned sixth embodiment 
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and the present embodiment, each metal wire may have a 
structure of more than three layers. In such a case, each 
interlayer insulating film formed between metal wires pref- 
erably has a quintuple layer structure so as to have more 
positive stability. Alternatively, to simplify the manufactur- 5 
ing process and to reduce the manufacturing costs, at least 
one of the interlayer insulating films formed between the 
metal wires respectively is preferably a trilaminar insulating 
film. In the latter case, needless to say, not less than two 
interlayer insulating films may have a trilaminar structure 10 
each, or all the interlayer insulating films may have a 
trilaminar structure each. 

The invention being thus described, it will be obvious that 
the same may be varied in many ways. Such variations are 
not to be regarded as a departure from the spirit and scope 1S 
of the invention, and all such modifications as would be 
obvious to one skilled in the art are intended to be included 
within the scope of the following claims. 

What is claimed is: 

1. A semiconductor device, comprising: 20 
an active element provided on a semiconductor substrate, 

said active element including diffusion regions in the 
substrate, a polys ilicon conductive gate on the substrate 
between said diffusion regions, and a silicon oxide 
insulating film over the diffusion regions and gate; and 25 

an interlayer insulating film formed so as to cover entirely 
said active element, including said diffusion regions; 

wherein said interlayer insulating film has a quintuple 
layer structure, each of first, third and fifth layers 30 
thereof being a silicon nitride film or a silicon oxide 
film, while each of second and fourth layers being 
spin-on-glass; 

the semiconductor device further comprising a metal layer 
formed on the active element and in electrical contact 35 
with one of said diffusion layers through a contact hole 
in the silicon oxide insulating film; 

the film formed of spin-on-glass in the interlayer insulat- 
ing film being formed to a minimum thickness neces- 
sary for compensating the level difference of the metal 40 
layer; 

a pad metal for an electrode pad, said pad metal being 
provided on said interlayer insulating film, substan- 
tially overlapping said active element, and in electrical 
contact with the metal layer through a contact hole in 
the interlayer insulating film, wherein the interlayer 
insulating film is sandwiched between said metal pad 
and metal layer. 

2. The semiconductor device as set forth in claim 1, 
wherein said fourth layer of said interlayer insulating film, 
which is spin-on-glass is etched or around to be substantially 
completely removed. 

3. The semiconductor device as set forth in claim 1, 
wherein said pad metal is for connection with an inner-lead- 
bonding-use bump through a barrier metal. 

4. The semiconductor device as set forth in claim 1, 
wherein said pad metal is for connection with a wire- 
bonding-use bonding wire. 

5. A semiconductor device, comprising: 
an active element provided on a semiconductor substrate; 
a lower interlayer insulating film formed so as to cover 

said active element; 
a metal wire provided on said lower interlayer insulating 

film; 65 
an upper interlayer insulating film formed so as to cover 

said metal wire; and 
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a pad metal for an electrode pad, said pad metal being 
provided on said upper interlayer insulating film, 

wherein each of said lower and upper interlayer insulating 
films has a quintuple layer structure, each of first, third 
and fifth layers thereof being a silicon nitride film or a 
silicon oxide film, while each of second and fourth 
layers thereof being spin-on-glass. 

6. The semiconductor device as set forth in claim 5, 
wherein said fourth layer of said lower and upper interlayer 
insulating films, which is spin-on-glass, is etched or ground 
to be substantially completely removed. 

7. A semiconductor device, comprising: 

an active element provided on a semiconductor substrate; 

a lower metal layer covering said active element; 

a lower interlayer insulating film formed so as to cover 
said active element and said lower metal layer; 

an upper metal layer provided on said lower interlayer 
insulating film; 

an upper interlayer insulating film formed so as to cover 
said upper metal layer; and 

a pad metal for an electrode pad, said pad metal being 
provided on said upper interlayer insulating film and 
overlapping the active element, 

wherein each of said lower and upper interlayer insulating 
films have a trilaminar film structure, each of first and 
third layers of the trilaminar film structure being a 
silicon nitride film or a silicon oxide film, while a 
second layer of the trilaminar film structure being 
spin-on-glass, and said second layer being formed to a 
minimum thickness necessary for compensating the 
level difference of the upper metal layer, 

wherein at least one of said lower and upper interlayer 
insulating films further includes a fourth spin -on-glass 
layer, and a fifth layer which is a silicon nitride film or 
a silicon oxide film, the fourth and fifth layers being 
laminated on the first through third layers, and wherein 
the lower metal layer and the pad metal sandwich the 
lower and upper interlayer insulating films. 

8. The semiconductor device as set forth in claim 7, 
wherein said fourth layer of said interlayer insulating film, 
which is spin-on-glass is etched or ground to be substantially 
completely removed. 

9. The semiconductor device as set forth in claim 7, 
wherein said pad metal is for connection with an inner-lead- 
bonding-use bump through a barrier metal. 

10. The semiconductor device as set forth in claim 7, 
wherein said pad metal is for connection with a wire- 
bonding-use bonding wire. 

11. A semiconductor device, comprising: 

an active element provided on a semiconductor substrate, 
said active element including diffusion regions in the 
substrate, a polysflicon conductive gate on the substrate 
between said diffusion regions, and a silicon oxide 
insulating film over the diffusion regions and gate; and 

an interlayer insulating film formed so as to cover said 
active element, 

wherein said interlayer insulating film has a quintuple 
layer structure, each of first, third and fifth layers 
thereof being a silicon nitride film or a silicon oxide 
film, while each of second and fourth layers being 
spin-on-glass, wherein the layers of spin-on-glass being 
formed to a minimum thickness necessary for compen- 
sating the level difference of a metal layer; 

said third layer of the quintuple layer structure is partially 
in direct contact with the first layer, and said fifth layer 
is partially in direct contact with the third layer; 
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the metal layer is formed on the active element and in 
electrical contact with one of said diffusion layers 
through a contact hole in the silicon oxide insulating 
film; 

a pad metal for an electrode pad, said pad metal being 5 

provided on said interlayer insulating film, and in 

electrical contact with the metal layer through a contact 

hole in the interlayer insulating film. 
12. A semiconductor device, comprising: 
an active element provided on a semiconductor substrate; 10 
a lower interlayer insulating film formed so as to cover 

said active element; 
a second metal layer provided on said lower interlayer 

insulating film; is 
an upper interlayer insulating film formed so as to cover 

said second metal layer, and 
a pad metal for an electrode pad, said pad metal being 

provided on said upper interlayer insulating film, 
wherein each of said lower and upper interlayer insulating 20 

films has a trilaminar film structure, each of first and 
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third layers of the trilaminar film structure being a 
silicon nitride film or a silicon oxide film, while a 
second layer of the trilaminar film being spin on-glass, 

the semiconductor device further comprising a first metal 
layer formed on the active element, 

the film formed of spin-on-glass in each of the upper and 
lower interlayer insulating films being formed to a 
minimum thickness necessary for compensating the 
level difference of the first and second metal layers, 

wherein at least one of said lower and upper interlayer 
insulating films further includes a fourth spin-on-glass 
layer, and a fifth layer which is a silicon nitride film or 
a silicon oxide film, the fourth and fifth layers being 
laminated on the first through third layers, and the first 
through fifth layers form a quintuple layer structure; 

said third layer of the quintuple layer structure is partially 
in direct contact with the first layer; and said fifth layer 
is partially in direct contact with the third layer. 

* * * * * 
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